Abstract. Basic device characteristics were investigated for a new high-speed and non-volatile nano electro-mechanical systems (NEMS) memory device with nanocrystalline silicon (nc-Si) dots embedded in its movable floating gate beam. Over 1 GHz operation is possible due to the size reduction of the NEMS. From a simulation of mechanical properties of the movable floating gate beam, advantage of using the nc-Si dots array was shown for low power operation. The mechanical bistability of the fabricated SiO 2 beam was clearly observed in both experimental and simulation studies.
INTRODUCTION
Nano Electro-Mechanical Systems (NEMS) have a possibility of high-speed operation in the GHz regime since the characteristic frequencies are expected to increase with decreasing their dimensions [1] . We proposed a new non-volatile memory concept based on bistable operation of the NEMS structure combined with nanocrystalline-Si (nc-Si) dots [2] . In this paper, we study basic device characteristics which are essential for operating our NEMS memory device.
OPERATION PRINCIPLE
Schematics of the NEMS memory device are shown in Fig. 1 . Our new memory features a mechanically bistable floating gate beam, which incorporates the nc-Si dots as single-electron charge storage. The beam is suspended in the cavity under the gate electrode and moves via electrostatic interactions between the gate electrode and the charge in the nc-Si dots. Positional displacement of the beam is sensed via a change in the drain current of the MOSFET underneath.
From a mechanical analysis assuming the maximum central displacement of 50 nm, the switching speed between two stable states was estimated to be ~ 0.5 ns for a SiO 2 beam with the dimension of 1.0×1.0×0.1 µm 3 . By optimizing both the beam structure and stored charge amount, we may build an extremely fast and non-volatile memory. 
MECHANICAL PROPERTIES
Mechanical properties of the beam were investigated using a 3D finite element simulation [3] . We compared a nc-Si beam where a 2D nc-Si dot array was embedded inside a SiO 2 film and a simple poly-Si beam where a thin poly-Si sheet was placed between two SiO 2 layers. Calculated results under a constant uniaxial pressure are shown in Fig. 2 . The large displacement was observed around at the center of the beams as shown in the rotated view. Note that the width of dark area around the center of the nc-Si beam is larger than that of the poly-Si beam. This indicates that a larger displacement is achievable with 
BISTABILITY OF BEAM
Bistability of the beam is a key feature for a nonvolatile memory application in this device. Figure 3(a) shows a single layer beam structure for testing its mechanical properties. After the undercut of the sacrificed Si layer underneath the beam, the most of the beams bent upward naturally as shown in Fig. 3(b) , which is considered as a result of release of mechanical stress stored in Si/SiO 2 interface during thermal oxidation. Note that in the same test chip, several downward-bent beams were also observed as shown in Fig. 3(c) . These observations strongly suggest that the beams fabricated by this method have bistable nature. This bistability was also demonstrated by using the numerical simulation which takes account of the nonlinear dependence of the beam deformation on the applied force.
SUMMARY
We have investigated basic device characteristics of the non-volatile NEMS memory device with the ncSi dots embedded in its movable floating gate beam. We found that the beam with the embedded nc-Si dots array is suitable for the movable floating gate beam to achieve low power operation. The mechanical bistability was clearly observed for the fabricated SiO 2 beam. 
